Aims To investigate whether the benefits of switching to insulin degludec observed in the European retrospective chart review study EU-TREAT were dependent on the previous basal insulin used.
Introduction
Insulin treatment is the most efficacious therapy option for reducing HbA 1c levels in people with diabetes; however, tight glycaemic control is typically accompanied by an increased risk of hypoglycaemia [1] , which has therefore been a barrier to insulin initiation and intensification [2] . Insulin products that carry a relatively reduced risk of hypoglycaemia without sacrificing glycaemic control are therefore desirable [2, 3] .
Insulin degludec (degludec) is a basal insulin with a duration of action exceeding 42 h at clinically relevant doses and a lower day-to-day variability in blood glucoselowering profile, compared with insulin glargine 100 units/ mL (glargine U100) and insulin glargine 300 units/mL (glargine U300) [4] [5] [6] . Randomized controlled trials in adults have indicated that degludec is associated with a reduced risk of hypoglycaemia compared with other longacting insulin analogues at equivalent levels of glycaemic control [7] [8] [9] [10] [11] .
In addition, a real-world study, the European, multicentre, retrospective, non-interventional chart review study [European Tresiba Audit (EU-TREAT); NCT02662114, n=2550], has evaluated the clinical effectiveness of switching to degludec in insulin-treated adults with Type 1 (n=1717) or Type 2 diabetes (n=833) under routine clinical care [12] . The study showed that switching to degludec from other basal insulins improved glycaemic control and significantly reduced the risk of hypoglycaemia with lower or similar insulin dose requirements [12] . It is not known, however, whether switching to degludec from different previous basal insulins produces heterogeneous responses with regard to glycaemic control and risk of hypoglycaemia. It is therefore of interest to stratify participants from EU-TREAT, based on the type of previous basal insulin received, to investigate whether the observed clinical benefits of switching to degludec are dependent on the type of previous basal insulin therapy in people with Type 1 or Type 2 diabetes.
Methods

EU-TREAT study overview
The present secondary analysis used data from EU-TREAT, a European, multicentre, retrospective, non-interventional chart review study. EU-TREAT investigated the clinical effectiveness of switching to degludec (100 units/mL or 200 units/mL; Novo Nordisk, Bagsvaerd, Denmark) AE prandial insulin from any basal insulin, in insulin-treated adults with either Type 1 or Type 2 diabetes (AE oral antidiabetic drugs in Type 2 diabetes), under conditions that reflected routine clinical care in multiple centres across Europe. Previous basal insulin regimens included glargine U100, insulin detemir (IDet), neutral protamine Hagedorn (NPH), glargine U300 and other basal insulins. Baseline was defined as the most recent recording during the 3-month period prior to degludec initiation. Outcome data, for both pre-and post-switch, were collected at 6AE3 and 12AE3 months during the periods before and after the switch. The source data were monitored monthly off-site; participants' chart data, taken from participants' records, were entered in the electronic data capture system. The ad hoc site management calls and/or e-mails were in place, dependent on site issues and follow-up activities. On-site monitoring visits at selected sites were also in place if required and approved by the sponsor and project manager. The detailed study design and methodology for EU-TREAT have been described previously [12] .
A list of the study sites was identified by Novo Nordisk local affiliates. From this list, a number of study sites were randomly selected by the Contract Research Organisation (ICON plc, Dublin, Ireland), which subsequently sent the blinded questionnaires to the study sites to confirm their interest and eligibility. Confirmed investigators invited eligible participants in a consecutive manner to participate and sign the study consent form.
The inclusion criteria specified people (aged ≥18 years at the time of degludec initiation) with Type 1 or Type 2 diabetes, treated with insulin for >12 months, switched to degludec [AE prandial insulin (AEoral antidiabetic drugs in Type 2 diabetes)] from any other basal insulin (AE prandial insulin [AEoral antidiabetic drugs in Type 2 diabetes]) at least 6 months prior to data collection, and treated with basal insulin for at least 6 months before switching. The following exclusion criteria were applied: previous participation in this study, or a diabetes clinical trial, or receipt of any investigational medicinal product up to 12 months before or any time after the initiation of degludec; current participation in another non-interventional study on degludec; people with diabetes treated by continuous subcutaneous insulin infusion or premixed insulin in the 6 months prior to receiving degludec.
The primary outcome was change in HbA 1c after 6 months, compared with the last value on previous basal insulin before switch. Other outcomes included change in What's new?
• The EU-TREAT study previously demonstrated that switching to insulin degludec from other basal insulins improved glycaemic control and significantly lowered the risk of hypoglycaemia in people with Type 1 or Type 2 diabetes.
• In the present study, people from EU-TREAT were stratified into three groups, based on type of previous basal insulin used.
• Results showed that people who switched to insulin degludec from glargine U100 or detemir benefitted from improved glycaemic control and a lowered risk of hypoglycaemia at lower or similar insulin doses.
• This study indicates that insulin degludec can offer improved glycaemic control and reduced hypoglycaemia risk, irrespective of previous basal insulin therapy. The study protocols were approved according to local regulations by appropriate health authorities and by institutional review boards at all participating institutions, and conducted in accordance with the Declaration of Helsinki [13] . Written informed consent from all participants was obtained before enrolment.
Post hoc analysis
In the present study, people with diabetes from the EU-TREAT study were stratified into three groups, glargine U100, IDet and NPH, based on their type of previous basal insulin before switching to degludec, as these groups included a sufficient number of participants for statistical analyses. Participants treated with other insulins (Type 1 diabetes: n=27; Type 2 diabetes: n=39) [12] or with missing data on previous basal insulins (Type 1 diabetes: n=23; Type 2 diabetes: n=25) [12] before switching to degludec were excluded from the present study. The clinical outcomes described above are reported in the present study.
Statistical analyses
Baseline characteristics and demographics are reported using descriptive statistics, with mean (SD) or percentage as appropriate.
Change in HbA 1c , and ratios of total, basal and prandial insulin doses (log[dose]) at 6 and 12 months post-switch vs pre-switch were analysed using a multivariate analysis of covariance, adjusting for age, BMI, gender, diabetes duration, duration of insulin therapy and type of basal injections. The normality of residuals for the primary endpoint was assessed to confirm that the used model was satisfactory with regard to model fit.
The number and rates of hypoglycaemic events were analysed using a negative binomial regression estimator including a variable to capture differential exposure across participants and a variable to capture the effects of post-vs pre-switch. The paired data were addressed by controlling for subjects (REPEATED statement in SAS GENMOD) [14] and estimates, adjusted using general estimating equations, were provided. Comparisons of hypoglycaemic event rates were based on similar time frames, i.e. 0 to +6 vs À6 to 0 months, or 0 to +12 vs À12 to 0 months postand pre-switch, respectively. All analyses included participants with relevant data at both the pre-and post-switch time points. In addition, the effect of previous basal insulin type on the 6-month comparisons in overall hypoglycaemia was tested using the Wald test. Because of the low number of participants, the Wald test could not be performed for the NPH group; therefore, for the present analysis, the previous insulin type, IDet or glargine U100, was included as covariate in the model. The threshold for significance was P<0.05.
Results
Baseline characteristics
Baseline characteristics of stratified groups with Type 1 diabetes (overall, n=1717; glargine U100, n=888; IDet, n=726; NPH, n=53) or Type 2 diabetes (overall, n=833; glargine U100, n=259; IDet, n=415; NPH, n=95) are presented in Table 1 .
Comparisons of investigated outcomes 6 and 12 months post-switch vs pre-switch
Glycaemic control
In the Type 1 diabetes group, participants switching to degludec from glargine U100 or IDet benefitted from a significant reduction in HbA 1c at both 6 and 12 months (Fig. 1a) ; the HbA 1c reduction in people switching to degludec from NPH was not significant at either 6 or 12 months (Fig. 1a) . In the Type 2 diabetes group, there was a significant reduction in HbA 1c at both 6 and 12 months, irrespective of previous basal insulins (Fig. 1b) .
Hypoglycaemia
In Type 1 diabetes, switching to degludec from glargine U100 resulted in significantly lower rates of hypoglycaemia across all categories, at both 6 and 12 months post-switch vs pre-switch (Fig. 2a) . Switching to degludec from IDet resulted in numerically, but not statistically significantly, lower rates of overall and overall non-severe hypoglycaemia, and significantly lower rates of severe and nocturnal nonsevere hypoglycaemia, at both 6 and 12 months post-switch vs pre-switch (Fig. 2a) . Switching to degludec from NPH resulted in numerically, but not statistically significantly, lower rates of overall and overall non-severe hypoglycaemia at both 6 and 12 months, and a significantly lower rate of nocturnal non-severe hypoglycaemia at 12 months postswitch vs pre-switch (Fig. 2a) . (13) 64 (14) 64 (14) 64 (14) 68 (15) 68 (15) 67 (12) 68 ( In Type 2 diabetes, switching to degludec from glargine U100 resulted in significantly lower rates of hypoglycaemia across all categories at 6 months post-switch vs pre-switch (Fig. 2b) ; similar results were observed at 12 months, where comparisons were possible (Fig. 2b) . People with Type 2 diabetes switching to degludec from IDet benefitted from significantly lower rates of overall, overall non-severe and nocturnal non-severe hypoglycaemia at 6 months (Fig. 2b) ; (a) Type † P<0.05. Data for the overall population were published in the primary manuscript [12] ; all changes were from baseline. Glargine U100, insulin glargine 100 units/mL; IDet, insulin detemir; n, number of participants; NPH, neutral protamine Hagedorn. 
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Benefits of switching to degludec irrespective of previous basal insulin therapy S.T. Knudsen et al. FIGURE 2 Rate ratios (RRs) of overall, overall non-severe, nocturnal non-severe and severe hypoglycaemia in people with (a) Type 1 or (b) Type 2 diabetes who switched to degludec from other basal insulins at 6 and 12 months: post-switch vs pre-switch. *P<0.05. Data for the overall population were published in the primary manuscript [12] ; all comparisons were based on similar 6-or 12-month time frames, i.e. 0 to +6 vs À6 to 0 months, or 0 to +12 vs À12 to 0 months post-and pre-switch, respectively. N/A, RRs could not be calculated because there were too few events in the postswitch period. Glargine U100, insulin glargine 100 units/mL; IDet, insulin detemir; n, number of participants; NPH, neutral protamine Hagedorn. for the 12-month comparisons, only the reduction in rate of nocturnal non-severe hypoglycaemia was significant in the IDet group (Fig. 2b) . In Type 2 diabetes, switching to degludec from NPH resulted in significantly lower rates of overall and overall non-severe hypoglycaemia at both 6 and 12 months post-switch vs pre-switch (Fig. 2b) .
For the comparisons where rate ratios could not be calculated because of the relatively low number of events in the post-switch period (Figs 2a and b) , the numbers of corresponding hypoglycaemic events after switching to degludec were numerically lower than those prior to switch. In addition, there was no significant effect of previous basal insulin type (IDet or glargine U100) on the 6-month comparison in overall hypoglycaemia in the Type 1 (P=0.7905) or Type 2 diabetes group (P=0.1785), based on the Wald test.
Insulin dose and number of prandial insulin injections
In the Type 1 diabetes group, the daily doses of total, basal and prandial insulins decreased significantly at both 6 and 12 months irrespective of previous basal insulins, except for prandial insulin in the NPH group at 6 months, where there was a decrease that did not reach statistical significance (Fig. 3a) . In Type 2 diabetes, there were no significant differences in total, basal or prandial insulin doses at 6 or 12 months post-switch vs baseline, irrespective of previous basal insulins, except that the decrease in prandial insulin after switching to degludec reached statistical significance at 12 months in the overall population (Fig. 3b) .
In Type 1 diabetes, prior to switching to degludec, the mean numbers of daily prandial insulin injections were similar for all groups (glargine U100: 3.1; IDet: 3.2; NPH: 3.2; overall: 3.1). These values remained similar at 6 and 12 months post-switch. In the Type 2 diabetes group, prior to switching to degludec, the mean number of daily injections for prandial insulin was 3.1 for all groups, and this remained similar at 6 and 12 months post-switch.
Discussion
The present post hoc analysis of participants in EU-TREAT demonstrated that switching basal insulin to degludec can lead to improvements in glycaemic control and a reduced risk of hypoglycaemia with a lower (Type 1 diabetes group) or similar (Type 2 diabetes group) insulin dose in routine clinical practice.
The results from the present study are consistent with those observed in the BEGIN trial programme, SWITCH 1 and 2, DEVOTE and small-scale observational studies [7] [8] [9] [10] [11] 15] . The nonsignificant HbA 1c reduction in people with Type 1 diabetes switching to degludec from NPH at either 6 or 12 months was probably attributable to the relatively low number of people (n=53) in this group, as evidenced by the wide CIs (Fig. 1) ; however, the numerical HbA 1c reduction in Type 1 diabetes and statistically significant HbA 1c reduction in Type 2 diabetes at both 6 and 12 months indicate that switching to degludec from NPH generally improves glycaemic control. In terms of insulin treatment, basal insulin analogues are widely preferred over NPH because of their pharmacokinetic and pharmacodynamic advantages, including longer duration of action, less pronounced peak in time-action profiles and lower withinsubject variability, as well as decreased risk of hypoglycaemia [16] . The results of the present study show the clinical benefits of switching to degludec not only from NPH, but also from glargine U100 and IDet.
The reduced risk of hypoglycaemia after switching to degludec from previous basal insulins, despite the lower HbA 1c , is possibly explained by the flatter time-action profile of degludec that helps to reduce the magnitude and frequency of blood glucose fluctuations relative to other insulins [12] . It is speculated that people on degludec subsequently spend more time with blood glucose within the target range, avoiding the peaks and nadirs associated with hyperglycaemia and hypoglycaemia, respectively [12] . The results of the present study also indicate that in Type 1 diabetes, a lower dose of degludec was required to achieve improved glycaemic control in a real-world population. In light of similar observations of a lower total, basal and prandial insulin dose in a basal-prandial trial comparing degludec with glargine U100 [17] , the need and opportunity to optimize both basal and prandial insulins individually should be considered, as there may be scope for lowering the risk of insulin-induced hypoglycaemia.
For people switching from NPH insulin, several rate ratios for hypoglycaemia could not be calculated because there were too few events in the post-switch period in this relatively small cohort. Switching to degludec from NPH, however, resulted in numerically reduced rates in Type 1 diabetes and significantly reduced rates in Type 2 diabetes, with regard to overall and overall non-severe hypoglycaemia at both 6 and 12 months.
Hypoglycaemia is associated with various complications, including cognitive dysfunction, coma, seizures, falls and fractures, increased risk of cardiovascular events and mortality, significant negative impacts on health and quality of life [18] [19] [20] , and a substantial cost burden to healthcare systems [21] [22] [23] . Compounding this, the fear of hypoglycaemia can reduce people's adherence to insulin regimens [24] and lead to physicians setting less ambitious glycaemic targets [25] . The lowered risk of hypoglycaemia and HbA 1c observed in the present study, achieved with a lower insulin dose in Type 1 diabetes and similar dose in Type 2 diabetes after switching to degludec, indicates that degludec has the potential to reduce these burdens where the need exists, irrespective of previous basal insulin.
Limitations of the present analysis include those of the study previously reported, such as its observational, retrospective design and the absence of a comparator arm [12] . In addition, participants in EU-TREAT were empirically 
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(a) Type FIGURE 3 Dose ratios of total, basal and prandial insulins in people with (a) Type 1 or (b) Type 2 diabetes who switched to degludec from other basal insulins at 6 and 12 months post-switch vs pre-switch. *P<0.05. Dose ratios were based on 6 or 12 months post-switch vs baseline. Glargine U100, insulin glargine 100 units/mL; IDet, insulin detemir; n, number of participants; NPH, neutral protamine Hagedorn. chosen, as people were switched to degludec because of difficulties while on their previous regimens, and demographic differences such as duration of diabetes and insulin treatment could potentially influence the risk of hypoglycaemia and response to the treatment change. A longer-term study of degludec in clinical practice is needed to confirm that the observed benefits with degludec in EU-TREAT are maintained beyond 12 months. A larger population in each previous basal insulin group may be beneficial in order to provide sufficient data to calculate the missing rate ratios of hypoglycaemia in the present analysis. The strengths of EU-TREAT have been reported previously, including the large-scale, multicentre/country design, the use of real-world data, and all treatment decisions being made independently of the study [12] . Additional strengths of the present study include the consistency in direction and magnitude of the results at 6 and 12 months, and in two different diseases (Type 1 and Type 2 diabetes) and three previous basal insulin groups (glargine U100, IDet and NPH), which support the conclusion that the changes in clinical outcomes were robust observations.
In conclusion, the present study demonstrated the homogeneity of the clinical benefits obtained after switching to degludec from different basal insulins, suggesting that, irrespective of previous basal insulins, switching to degludec is associated with improved glycaemic control and lowered risk of hypoglycaemia in people with diabetes (non-significant reduction in HbA 1c and hypoglycaemia rates for the small NPH group in Type 1 diabetes), under routine clinical care. These benefits can be achieved with lower or similar total, basal and prandial insulin doses.
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